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,QWURGXFWLRQ
7KHHQYLURQPHQWLVWKHVHWWLQJLQZKLFKQDWXUDOLVWLFODQGVFDSHDQWKURSRORJLFDODQGHFRQRPLFHOHPHQWVUHODWHWR
HDFKRWKHU WRYDU\LQJGHJUHHV8UEDQ DUHDV DV SODFHVRI FRQFHQWUDWLRQRI WKHZRUOG
V SRSXODWLRQGHILQH WHUULWRULDO
DUHDVWKDWFRQGHQVHKLJKOHYHOVRISUHVVXUHRQWKHHFRV\VWHPDQGWKHLUGHYHORSPHQWFUHDWHVJURZWKWKDWLVGLUHFWO\







VSUDZO KDV SUHVHQWHG QRWDEOH GHYHORSPHQWV ZKHUH QR VLJQLILFDQW GHPRJUDSKLF JURZWK KDV EHHQ UHFRUGHG 1ROq
0XUJDQWH&DODPLWD/DQRUWH	/DVDSRQDUD&RQVHTXHQWO\LWLVHVVHQWLDOWRPDNHMXGJPHQWVEDVHGRQIXUWKHU
G\QDPLFV WKDW DUH GLUHFWO\ UHODWHG WR GHPRJUDSK\ DQG XUEDQL]DWLRQ DQG WULJJHU WKH SKHQRPHQRQ 7KH OLWHUDWXUH
GHVFULEHVQXPHURXVPRGHOVWKDWFDQHIIHFWLYHO\VLPXODWHXUEDQJURZWK+RZHYHUWKHPDLQFULWLFLVPRIWKHVHPRGHOV
LV UHODWHG WR WKHLUZHDNDELOLW\ WR LQWHJUDWHH[SOLFLWYDULDEOHV LQ WKH VLPXODWLRQSURFHVVQRW VRPXFKRQHV WKDW DUH
VSDWLDOO\H[SOLFLWDV WKRVHRIDVRFLRHFRQRPLFQDWXUH7KLVSDSHU LQWHQGV WRXVH WKHVRFLRHFRQRPLFYDULDEOHV WKDW
KDYHWKHJUHDWHVWLPSDFWRQWKHSURFHVVRIXUEDQH[SDQVLRQZLWKLQWKHNQRZQ6/(87+PRGHO7KHUHVXOWVVKRZWKDW
VLPXODWLRQV WKDW FRQVLGHU WKHVH YDULDEOHV HQVXUH D JUHDWHU GHJUHH RI FRKHUHQFH ZLWK UHVSHFW WR WKH DFWXDO VRFLR
SROLWLFDOVFHQDULRVWKDWJXLGHWKHWUDQVLWLRQVEHWZHHQODQGXVHFODVVHV
0DWHULDOVDQG0HWKRGV
2.1. SLEUTH model 
7KH OLWHUDWXUH UHFRJQL]HV VHYHUDO JURXSV RI JHRFRPSXWDWLRQDO PHWKRGV DSSOLHG WR WKH PRGHOLQJ RI XUEDQ
SKHQRPHQD&ODUNH	*D\GRV0DQJDQHOOL3RQWUDQGROIL$]]DWR	0XUJDQWH9RQ1HXPDQQ









WKH HPHUJHQFHRIQHZFHQWHUVRI H[SDQVLRQJURZWKRQ WKH HGJH DQGJURZWK LQIOXHQFHGE\ WKHSUHVHQFHRI URDG
LQIUDVWUXFWXUH &ODUNH+RSSHQ	*D\GRV 6/(87+ LV DQ DFURQ\P WKDW GHILQHV WKH VL[ VSDWLDO LQSXWV WKDW
IRUPWKHOD\HUVUHTXLUHGE\WKHPRGHO,QRUGHUWKH\DUH6ORSH/DQG8VH([FOXGHG8UEDQH[WHQG7UDQVSRUWDWLRQ
QHWZRUNDQG+LOOVKDGH7KHUREXVWQHVVRIWKHPRGHOLVEDVHGRQLWVDSSOLFDWLRQDVDQHIIHFWLYHVXSSRUWWRRORIXUEDQ
PDQDJHPHQW DQG H[SHULPHQWDWLRQ ZLWK FRPSOH[ XUEDQ VWUXFWXUHV &DQGDX  &DOLEUDWLRQ H[SORUHV DOO WKH
SRVVLEOHLWHUDWLRQVRIWKHILYHSDUDPHWHUVWKDWGULYHVLPXODWLRQ7KHUHIRUHLWLVSDUWLFXODUO\FRPSOH[LQFRPSXWDWLRQDO
DQGWHPSRUDOWHUPV7KHYDOXHVGXULQJFDOLEUDWLRQDUHFRQVWDQWO\PRGLILHGWKURXJKDMRXUQH\WKDWUXQVIURPWKHILUVW
GDWH WR WKHHQGGDWHRI WKH IRUHFDVW7KHSDUDPHWHUVXVHG WRPHDVXUHDQ LPSURYHGFDOLEUDWLRQDW WKHHQGGDWHDUH
FRQVLGHUHG DQG WKH\ ZLOO LQLWLDOL]H WKH IRUHFDVW 6HYHUDO DSSURDFKHV KDYH EHHQ XVHG WR UHVWULFW WKH VSDFH RI
FRHIILFLHQWVZHLJKLQJXSDQXPEHURISDUDPHWHUVPRUHKHDYLO\WKDQRWKHUVDQGSXWWLQJWKHPLQRUGHUDFFRUGLQJWR
RQO\ RQH PHWULF 1&*,$  (DFK PHWULF UHSUHVHQWV WKH YDOXH EHWZHHQ VLPXODWHG JURZWK DQG WKH JURZWK
HYDOXDWHGLQWKHFRQWURO\HDUV,QSDUWLFXODU2SWLPXP6/(87+0HWULF'LHW]HO	&ODUNHDGRSWHGWROLPLW
WKHUDQJHRI WKHFRHIILFLHQWV LVSURGXFHGE\DFRPSDULVRQVHWRIPROGHGHQGSL[HOV WKHSRSXODWLRQQXPEHURI
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XUEDQSL[HOVWKHJURXSSL[HOVDORQJWKHHGJHVRIXUEDQFHQWHUV WKHHGJHXUEDQSHULPHWHUV WKHDYHUDJHVORSH
DQGDYHUDJHPHWULFV;DQG<
2.2. Analytic Hierarchy Process 
6OHXWK SURYLGHV DZHDN XVHULQWHUDFWLRQPRGHO ,Q IDFW WKH RQO\ZD\ WKH XVHU FDQ LQIOXHQFH WKH VLPXODWLRQ LV
WKURXJK WKH FRQVWUXFWLRQ RI LQSXW OD\HUV ,Q SDUWLFXODU WKH FRQVWUXFWLRQ RI GLIIHUHQW VLPXODWLRQ VFHQDULRV RFFXUV
WKURXJK WKH UHDOL]DWLRQRI H[FOXGHG DOWHUQDWLYH OD\HUV7KH H[FOXGHG OD\HUVGHILQH WKH VSDWLDO OLPLWDWLRQV RIXUEDQ
JURZWK LQ D WHUULWRU\ 7KH OD\HUV LQ UDVWHU IRUP SURYLGH HDFK FHOO ZLWK D YDOXH IURP ]HUR QR OLPLW WR 




2.3. Study area and Data 
9XOWXUH $OWR%UDGDQR GHILQHV D PRXQWDLQ GLVWULFW ORFDWHG QRUWKHDVW RI WKH %DVLOLFDWD ,WDO\ 7KLV DUHD
LQFRUSRUDWHV  PXQLFLSDOLWLHV 7KH 9XOWXUH DUHD LV FKDUDFWHUL]HG E\ VXEVWDQWLDO GHPRJUDSKLF VWDELOLW\ 3RVLWLYH
GHPRJUDSKLF WUHQGV KDYH EHHQ UHFRUGHG UHFHQWO\ LQ WKH ODUJHU PXQLFLSDOLWLHV 7KHVH HQDEOH XV WR HVWLPDWH WKH
VXEVHTXHQWH[SDQVLRQDQGWUDQVIRUPDWLRQRIWKHVHWWOHPHQWVWUXFWXUHHVSHFLDOO\DORQJWKHVORSHV
$V SUHYLRXVO\ VSHFLILHG WKH 6/(87+ PRGHO UHTXLUHV WKH LQSXW RI VL[ IDFWRUV LQ RUGHU WR FKDUDFWHUL]H WKH
G\QDPLFVRIVHWWOHPHQWGHYHORSPHQWDOOGXO\FRQYHUWHGWRWKH*UDSKLFV,QWHUFKDQJH)RUPDW*,)7KHODQGXVHDQG
XUEDQH[WHQVLRQPDSV)LJFRYHUIRXUGDWHVQHFHVVDU\IRUWKHLPSOHPHQWDWLRQRIWKH6/(87+PRGHO
7KHVH ZHUH GHULYHG IURP WKH VXSHUYLVHG FODVVLILFDWLRQ RI UHPRWHO\ VHQVHG GDWD XVLQJ WKH DOJRULWKP 60$3
6DWHOOLWH LPDJHV/DQGVDW707KHPDWLF0DSSHUDFTXLUHGIRU IUHHIURPKWWSHDUWKH[SORUHUXVJVJRYZHUH
XVHGIRUWKHODQGFODVVLILFDWLRQ7RHQVXUHFRQWLQXLW\WKHLPDJHVZHUHWDNHQLQVXPPHUIRU
7KH DVVHVVPHQW RI FKDQJHV LQ WKH DUHD EHWZHHQ  DQG  FRPSDUHG ZLWK LGHQWLILHG ODQG FRYHU KDV


















:DWHU        
:RRG        
6SDUVHYHJHWDWLRQ        
8UEDQ        
&XOWLYDWHVRLO        
3ORZHGVRLO        
3HUPDQHQWPHDGRZV        
%DUHVRLO        

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7KLVLQFUHPHQWLVKHOGWRKDYHRFFXUUHGDWWKHH[SHQVHRIDUHDVRFFXSLHGE\SHUPDQHQWPHDGRZVDQGWKHDYHUDJH




7KLV FDQEHREVHUYHGE\ FRPSDULQJ WKHJURZWKRIXUEDQ DUHDV IURP WR ZLWK GDWD VXSSOLHG E\ ,67$7





7KH LPDJHV RI WKH WUDQVSRUWDWLRQ QHWZRUN DUH GHULYHG IURP WKH SURFHVVLQJ RI VKDSHILOHV FRQWDLQLQJ WKH
JHRJUDSKLFDO GLVWULEXWLRQ RI URDG LQIUDVWUXFWXUHV GRZQORDGHG IURP WKH *HRSRUWDO RI WKH %DVLOLFDWD
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GHYHORSDJHRPRUSKRORJLFDODQDO\VLVIRUWKHFRQVWUXFWLRQRIWKH+LOOVKDGHDQG6ORSHOD\HUV7KHFRQVWUXFWLRQRIWKH
H[FOXGHGOD\HUVKDVEHHQPRUHFRPSOLFDWHG,QSDUWLFXODUWZRGLIIHUHQWOD\HUVZHUHFUHDWHGWRDVVHVVWKHHIIHFWVRI
VRFLRHFRQRPLF YDULDEOHV RQ VLPXODWLRQ 7KH ILUVW OD\HU ZDV EXLOW XVLQJ RQO\ DUHDV RI YDOXH RU DW ULVN REWDLQHG
WKURXJK WKH SURFHVVLQJRI WKH5HJLRQDO6RLO0DS IRU WKH3URYLQFHRI3RWHQ]D)RU HDFKJHRJUDSKLFDO DUHD LQ WKH




VSUDZODQGFRYHU WKHVDPHKLVWRULFDOSHULRG7KHFHQVXVHVRIDQGKDYHEHHQFRQVLGHUHG IRU WKH
GHPRJUDSKLFFRPSRQHQWFRQFHUQLQJWKHQXPEHURIKRXVHKROGVLQWKHDUHDVRFLRHFRQRPLFFRPSRQHQWVUHODWLQJWR






3.1.  Multicriteria Analysis  
'DWDFRQFHUQLQJWKHYDULDWLRQVLQKRXVHKROGVWKHOHYHORIHPSOR\PHQWWKHOHYHORIHGXFDWLRQDQGWKHSURSRUWLRQ
RIHPSW\KRPHVKDYHEHHQXVHGIRUWKHFUHDWLRQRIWKHVHFRQGVFHQDULR7KHVHVRFLRHFRQRPLFYDULDEOHVUHODWHGWR
WKHXUEDQ VSUDZOSKHQRPHQRQZHUH ILUVW FDWDORJXHGDQGFODVVLILHG IRU HDFKPXQLFLSDO DUHD LQ WKH WHUULWRU\XQGHU
LQYHVWLJDWLRQ6XEVHTXHQWO\LQRUGHUWRDVVHVVWKHWUHQGVLQWKHSHULRGPDWKHPDWLFDOFDOFXODWLRQVZHUH
FDUULHG RXW WR GHWHUPLQH WKHPHDQ YDULDQFH DQG VWDQGDUG GHYLDWLRQ (VWLPDWLRQV RI WKH YDULDWLRQ RI HDFK RI WKH
YDULDEOHVZHUHPDGHRQWKHDVVXPSWLRQWKDWDQ\LQFUHDVHRUGHFUHDVHKDVDQH[SRQHQWLDOUHODWLRQZLWKXUEDQJURZWK
UDWKHUWKDQDOLQHDURQH7RQRWWULYLDOL]HWKHGDWDHDFKYDULDEOHKDVEHHQPXOWLSOLHGIRUPXOWLSOLHUVRILQFDVHRI
DQ LQFUHDVHDQGPXOWLSOLHUVRI LQFDVHRIGHFUHDVH6XEVHTXHQWO\ HDFKYDULDEOHZDVQRUPDOL]HG LQWRD UDQJH
EHWZHHQDQG)RUHDFKYDULDEOHDUDVWHUPDSZDVFUHDWHG$Q$+3SURFHVVKDVEHHQGHYHORSHGFRQVLGHULQJ
ERWK VRFLRHFRQRPLF YDULDEOHV PDSV DQG WKH WHUULWRULDO H[FOXVLRQV XVHG LQ WKH ILUVW 6/(87+ VLPXODWLRQ 7KHVH
FDQQRW EH RPLWWHG EHFDXVH WKH\ DUH OLQNHG WR WKH GHFLVLRQPDNLQJ G\QDPLFV ,Q WKH GHILQLWLRQ RI WKHPDWUL[ WKH
ZHLJKWVDVVLJQHGWRHDFKYDULDEOHZHUHGHILQHGDFFRUGLQJWRVSHFLILFHYDOXDWLRQVE\DSDQHORIH[SHUWVLQWHFKQLFDO




YDULDEOHV H[FOXGHG HPSW\GZHOOLQJV KRXVHKROGV HPSOR\HG HGXFDWLRQOHYHO
H[FOXGHG     
HPSW\GZHOOLQJV     
KRXVHKROGV     
HPSOR\HG     
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&RPSDULQJ WKHHLJKW ODQGFRYHU FODVVHVDQDO\VHG UHVSHFWLYHO\ LQDQG LQFRQVLGHULQJ6 SURFHVVLQJ
ZLWKRXW WKH LQFOXVLRQ RI VRFLRHFRQRPLF YDULDEOHV DQG 6 SUHSDUDWLRQ FRQWDLQLQJ VRFLRHFRQRPLF YDULDEOHV
HPHUJHV KRZ PDUNHG LV WKH LQFUHDVH LQ XUEDQ DUHDV IURP  WR  LQ ERWK 6 DQG 6 7KH GLIIHUHQFH LV
SHUFHSWLEOH EHWZHHQ WKH WZR IRUHFDVWV LQ WKH RQH WKDW LQFOXGHV WKH VRFLRHFRQRPLF YDULDEOHV WKH LQFUHDVH RI WKH
XUEDQ DUHDVZDV VOLJKWO\ ORZHU 7KLV VKRZV KRZ WKH FRQVLGHULQJ VRFLRHFRQRPLF YDULDEOHV LQ WKH VLPXODWLRQ KDG
GHHS LPSDFW LQVLPXODWLQJ WKHG\QDPLFVRIXUEDQVSUDZOHQVXULQJFRQVLVWHQF\EHWZHHQ WKHVLPXODWLRQUHVXOWVDQG
WKHDFWXDOGHYHORSPHQWPRGHOVRIXUEDQDUHDV
)LJXUHVKRZDFRPSDULVRQDPRQJWKHLQFUHDVHRIXUEDQDUHDVREWDLQHGIURPERWKVLPXODWLRQVDQGWKHH[SHFWHG
YDULDWLRQV RI WKH UHVLGHQW SRSXODWLRQ LQ WKH H[DPLQHG WHUULWRU\ &OHDUO\ WKH GLVFUHSDQF\ EHWZHHQ WKH LQFUHDVH RI
XUEDQL]HG DUHDV DQG GHFOLQLQJ SRSXODWLRQ ZLOO EHFRPH HYHQ PRUH HYLGHQW 1HYHUWKHOHVV 6 KDV OHDNDJH YDOXHV









WHUULWRU\ 7DMDQL	0RUDQR  7KLV SDSHU KLJKOLJKWV WKH UROH WKDW WKH SRSXODWLRQ DQG LWV GLVWULEXWLRQ LQ WKH
UHJLRQV WRJHWKHUZLWKWKHVRFLDODQGHFRQRPLFG\QDPLFVSOD\LQ WKHSURFHVVHVRIXUEDQVSUDZO6SHFLILFDOO\ WZR
VFHQDULRVRIXUEDQJURZWKZHUHGHYHORSHGXVLQJDSURYHQWRFHOOXODUDXWRPDWDPRGHO 6/(87+HIIHFWLYHQHVV LQ
GHWHUPLQLQJIXWXUHWUHQGVRIXUEDQVSUDZOSKHQRPHQRQ$PDWR0DLPRQH0DUWHOOR]]R1ROq	0XUJDQWH
7KH ILUVW VFHQDULR ZDV REWDLQHG E\ WKH FODVVLFDO GHYHORSPHQW RI WKH PRGHO FRQVLGHULQJ DV OLPLWDWLRQV WR WKH
H[SDQVLRQRIVHWWOHPHQWVRQO\WKHHQYLURQPHQWDOFRPSRQHQWVDQGWKHFRQVWUDLQWVGXHWRQDWLRQDODQGUHJLRQDOODZV
7KHVHFRQGVFHQDULRZDVHQULFKHGFRQVLGHULQJVRPHVRFLRHFRQRPLFYDULDEOHVZKRVHPXQLFLSDOVFDOHHYROXWLRQDQG
GLYHUVLILFDWLRQ DUH H[SHFWHG WR LQIOXHQFH WKH GHYHORSPHQW RI XUEDQ DUHDV 7KLV LV EHFDXVH LW LV EHOLHYHG WKDW WKH
UHGLVWULEXWLYHSURFHVVHVRIWKHSRSXODWLRQOHDGWRUHRUJDQL]HWHUULWRULDOIXQFWLRQVOHDGLQJWRLQFUHDVHVRUGHFUHDVHVRI
XUEDQ VSUDZO 7KH VXUYH\VZHUH FRQGXFWHG LQ WKHPRXQWDLQ GLVWULFW RI9XOWXUH$OWR%UDGDQR %DVLOLFDWD 5HJLRQ
,WDO\DQDUHDZLWKSUHFLVHHQYLURQPHQWDOFKDUDFWHULVWLFVDQGSHFXOLDUIRUPVRIVHWWOHPHQWWKDQWKHUHVWRIWKHUHJLRQ
7KHUHVXOWVVKRZWKDWWKHXVHRIVRFLRHFRQRPLFYDULDEOHVFKDQJHVWKHIXWXUHVFHQDULRFXUELQJWKHXUEDQVSUDZO7KH
UHGXFWLRQRI WKHSKHQRPHQRQ LVPRVWO\ UHODWHG WR WKHUHGXFWLRQRIKRXVHKROGVDQGRISRSXODWLRQDVZHOODV WRDQ
LQFUHDVH LQ WKH OHYHO RI HGXFDWLRQ WKDW ZLOO SUREDEO\ OHDG WR IXUWKHU GHSRSXODWLRQ LQ PRVW RI WKHPXQLFLSDOLWLHV
LQFOXGHG ZLWKLQ WKH VWXG\ DUHD $PDWR 3RQWUDQGROIL 	0XUJDQWH  +RZHYHU HPSOR\PHQW OHYHOV DQG WKH
LQFUHDVHLQHPSW\GZHOOLQJVFRQFHQWUDWHGLQFRPSDFWXUEDQFRUHVLQGXFHDOWKRXJKPLQLPDOO\WRLQFUHDVHGPRELOLW\
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DQG WKH GHYHORSPHQW RI QHLJKERXULQJ DUHDV RI XUEDQ VHWWOHPHQWV7KHGHYHORSPHQW RI XUEDQ VSUDZOPHDVXUHG LQ
ERWK WKH VLPXODWLRQV VFHQDULRV LV VWLOO D VLJQLILFDQW SKHQRPHQRQ ZKHQ FRPSDUHG ZLWK WKH SRSXODWLRQ G\QDPLFV
IRUHFDVWZKLFKVKRZVDGUDPDWLFGHFUHDVHFRPSDUHGWRWKHDPRXQWRIXUEDQDUHDVIRUHFDVWHG7KHVFHQDULRREWDLQHG
FRQVLGHULQJ VRFLRHFRQRPLF YDULDEOHV LV FORVHU WR WKH UHDO SRVVLELOLW\ RI FRQFHLYDEOH GHYHORSPHQW 7KHUHIRUH
FRQVLGHUWKHVRFLRHFRQRPLFG\QDPLFVLVXVHIXOERWKWRLPSURYHWKHVXSSO\RIVHUYLFHVLQWKHWHUULWRU\DQGWRSHUPLW
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